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The Ross operation is being identified as the ideal aortic 
valve replacement for children and young adults.’ As 
the use of this operation has increased and as postopera- 
tive echocardiographic surveillance has become rou- 
tine, an incidence of late autograft valve insufficiency 
has been noted. In  some patients this has been progres- 
sive and reoperation on the autograft valve with either 
repair or  replacement has been required. Careful 
longitudinal follow-up has documented that preopera- 
tive diagnosis of aortic insufficiency, performance of the 
Ross operation as a scalloped subcoronary implant or  
an inclusion cylinder rather than a root replacement, 
and limited operative experience are associated with an 
increased incidence of autograft valve failure or  the 
development of 2 + aortic insufficiency.* 
Patients with significant dilatation of the aortic 
annulus have not been considered candidates for the 
Ross operation because the disparity between the aortic 
annulus and the size of the pulmonary valve can lead to 
autograft valve insufficiency and early valve failure. 
Also, in patients in whom an  intraaortic implantation 
technique (scalloped subcoronary or  inclusion cylinder) 
was used, marked discrepancy between the sinotubular 
dimension of the aorta and of the pulmonary root has 
been associated with early valve f a i l ~ r e . ~ . ~  
Children and young adults with a bicuspid aortic 
valve and aortic valve insufficiency with dilatation of 
the aortic annulus and ascending aorta or  aneurysms of 
the ascending aorta were being denied the benefits of 
this operation.2 Modification of the Ross operation or 
additional procedures needed to be developed so that 
this constellation of pathology could be effectively 
treated ant1 these patients could have a Ross operation. 
Initial attempts at our institution, using an external cuff 
of dacron, were successful in most patients but did not 
produce a predictable decrease in aortic annulus size 
and prevent early autograft valve dysfunction in some 
patients.**”’ A reproducible operative technique that 
was adaptable to all ages and patient sizes as well as 
aortic valve and aortic annulus pathology was our goal. 
An important issue is: if the aortic annulus is to be 
reduced, what is the appropriate size for an individual 
patient? The pulmonary valve annulus is not similar to 
the aortic valve annulus and its size is dependent on 
preload and right ventricular pressure. In  vitro measure- 
ments of the pulmonary valve annulus, after mobiliza- 
tion of the pulmonary artery and valve from the right 
ventricular outflow tract at the time of a Ross opera- 
tion, show that the pulmonary valve annulus will 
passively dilate to almost any size. Because of the 
inherent difficulty in determining the “normal” size of 
the pulmonary valve annulus and recognizing that the 
pulmonary artery and its contained valve function very 
well as an aortic valve and root in patients with a 
normal” aortic annulus size, we have focused on 
adjusting the aortic valve annulus to a size that is 
appropriate for the patient’s body size and “fixing” the 
aortic annulus at that size. I t  has been our belief that by 
restoring the aortic annulus size and preventing subse- 
quent dilatation, patients with a significantly dilated 
aortic annulus and patients with ascending aortic pathol- 
ogy can have a successful Ross operation. The long- 
term results should he similar to the results obtained in 
patients who have aortic valve disease without dilata- 
tion of their annulus. 
David et al“ have also identified an increased inci- 
dence of autograft valve insufficiency and autograft 
valve failure in patients with mismatch of the aortic 
annulus or  sinotubular dimensions of the aortic and 
pulmonary root. Recognizing similar concerns about 
measurement of the pulmonary valve annulus, they 
have used direct measurement of the sinotubular dimen- 
sion of the pulmonary valve and estimated the “nor- 
mal” pulmonary annulus to be 10% greater than the 
measured sinotubular dimension. This is based on 
anatomic data of the normal aortic valve. The normal 
aortic annulus is 10% greater in size than the sinotubu- 
lar  dimension of the aortic valve.8 This group accom- 
plishes aortic annulus reduction by plication of the 
subcommissural space of the noncoronary leaflet. If 
plication of these two spaces is inadequate, additional 
reduction of the aortic annulus is accomplished by a 
reduction annuloplasty between the lateral fibrous 
trigone and the membranous interventricular septum 
with a dacron strip external to the aortic annulus. 
When required, the ascending aorta is reduced to 
match the size of the pulmonary sinotubular dimension 
by vertical aortoplasty. 
Durham et a19 have recently reported the use of 
aortic tailoring in 11 patients. If the aortic annulus is 
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more than 2 mm greater than the measured diameter of 
the pulmonary annulus, a triangle wedge of tissue is 
excised from the aortic valve annulus a t  the commissure 
between the left and noncoronary cusps extending into 
the anterior leaflet of the mitral valve. The edges of the 
mitral valve leaflet and the aortic annulus are reapproxi- 
mated over a calibrated dilator to reduce the aortic 
annulus. The pulmonary valve annulus is measured 
with graduated dilators after the pulmonary artery and 
its contained valve have been procured for a Ross 
operation. The final aortic annulus is reduced 2 mm 
more than the measured size of the pulmonary annulus. 
No external fixation of the aortic annulus is used, with 
the hope that this will maintain the potential for growth 
in the pediatric patient. 
SURGICAL TECHNIQUE 
Our operative technique for the Ross operation has 
previously been describedlO but the salient points that 
are unique to patients with annular dilatation and 
ascending aortic pathology will be reiterated. Ascending 
aortic cannulation is accomplished proximal to the 
innominate artery if the aorta is of normal size at this 
level, but if dilatation extends to the innominate artery, 
cannulation is in the transverse aorta. Bicaval cannula- 
tion is always used with insertion of the superior vena 
cava cannula into the superior vena cava. Moderate 
systemic hypothermia (26°C) with intermittent, retro- 
grade cold blood cardioplegia is used for myocardial 
protection. In patients with a persistent left vena cava, 
intermittent, antegrade cold blood cardioplegia is used. 
With the use of retrograde cardioplegia, enhancement 
of protection of the right ventricle is accomplished with 
ice slush with protection of the phrenic nerve by an 
insulating pad. The left ventricle is vented through the 
right suptx-ior pulmonary vein. In patients with ascend- 
ing aortic pathology, the aortic cross-clamp is placed at  
the level of the origin of the innominate artery, ensuring 
good flow to this vessel during bypass and allowing 
removal of all diseased aorta. 
After opening the aorta and inspecting the aortic 
valve pathology, the pulmonary artery and its con- 
tained valve are procured beginning with opening of the 
pulmonary artery at the origin of the right pulmonary 
artery and dividing it transversely, being careful to 
leave the bifurcation of the pulmonary artery intact. 
The pulmonary valve is carefully inspected to insure 
that it is a normal %leaflet valve without significant 
pathology. A limited number of small fenestrations, 1 to 
2 mm in size, is not unusual and is not a contraindica- 
tion to use of the valve. Large fenestrations or  a 
significant number, excrescences on the valve o r  the 
presence of a bicuspid pulmonary valve are felt to be 
contraindications to its use. The pulmonary artery and 
valve are procured, leaving all adventitia on the pulmo- 
nary artery. A cuff of right ventricle of 3 to 4 mm in 
thickness, proximal to the pulmonary annulus remains 
with the pulmonary valve after proper harvesting. 
The proximal aorta and the aortic valve are carefully 
excised, leaving the aortic annulus intact, all calcium is 
debrided and the aortic annulus is measured with a 
calibrated sizer. We have found that having a set of 
Hegar (uterine) dilators, including the larger sizes, is 
useful for obtaining accurate measurement of the aortic 
annulus and the dilators are used in the reduction 
annuloplasty. If the aortic annulus is greater than 2 mm 
larger than the expected size for a patient of this body 
surface area, we would reduce the aortic annulus to an 
appropriate size. The size of the normal aortic annulus 
has been measured by cineangiography and by two 
dimensional echocardiography and referenced to body 
surface area." In  patients with a body surface area of 
more than 2 m2, the aortic annulus size does not appear 
to increase as predicted by the regression equation of el 
Habbal and Somerville" and, therefore, we have arbi- 
trarily used 26 mm as the upper limit of aortic annulus 
size in patients with greater than 2 m2 body surface area 
when we reduce their aortic annulus. 
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1 The reduction aortic annuloplasty begins with placement of two sutures of 2-0 polypropylene as purse 
string sutures in the aortic annulus, 2 mm apart, a t  the nadir of the coronary sinuses and continuing in a single 
plane below the aortic annulus in the interleaflet triangle below the commissures. These sutures pass through 
the lateral fibrous trigone in the interleaflet triangle between the left and noncoronary sinus, in the muscle of 
the ventricular septum at the commissure between the left and right coronary sinuses and in the membranous 
septum between the right and noncoronary sinus close to the aortic annulus in the region of the conduction 
system. An opened view of the aortic annulus showing the exact placement of the sutures. Notice the placement 
of the surtures in the membranous septum to avoid the conduction system. 
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2 The sutures are brought ex- 
ternal to the aorta in the nadir 
of the noncoronary sinus and 
are tied snugly over a felt pled- 
get with a graduated dilator of 
appropriate size in the aortic 
annulus. This sizer is equal to 
the predicted “0” Z-value for 
the patients body surface area.” 
These sutures reduce the aortic 
annulus size, the majority of the 
reduction occurring between the 
medial and lateral trigones of 
the heart, although frequently 
additional narrowing occurs in 
the membranous septum. To in- 
sure fixation of the reduced aor- 
tic annulus to this determined 
size, an external strip of woven 
dacron is included in the proxi- 
mal suture line. 
3 The proximal suture line between the autograft 
and the reduced aortic annulus is an interrupted 
suture line of 4-0 polypropylene. The sutures are 
placed inimediately adjacent to the pulmonary valve 
annulus in the nadir of the pulmonary sinuses, being 
careful not to include the valve leaflet. They con-, 
tinue in a single plane below the pulmonary annulus 
in the interleaflet triangle. 
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4 
annular reduction sutures in the aortic annulus. 
The sutures are placed below and include the 
5 The autograft is then lowered into position and the 
sutures are tied over a 3-mm strip of woven dacron. Care 
is taken to insure that the dacron strip remains external to 
the apposition of the autograft and the aortic annulus. The 
two ends of the strip of dacron graft are tied together with 
the last two sutures to complete “fixation” of the aortic 
annulus. 
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6 In patients with an ascending aortic aneurysm, the aneurysm is resected 
and replaced with a knitted dacron graft (Hemashield; Meadox Medicals Inc, 
Oakland, NJ) that is similar in size or 2 mm smaller than the size of the 
reduced aortic annulus size. The distal aorta-to-graft anastomosis is completed 
first and then the proximal anastomosis between the pulmonary autograft and 
the dacron graft is completed before attachment of the right coronary artery. 
Before anastomosis of the dacron graft to the pulmonary autograft, the 
autograft is trimmed so that the anastomosis is accomplished within 3 to 4 mm 
of the sinotubular junction of the pulmonary autograft. Before implantation of 
the right coronary, the graft is distended with cardioplegia, and the graft 
anastomoses and the left coronary anastomosis are checked for hemostasis. A 
site for implantation of the right coronary is selected with the autograft 
distended to avoid any possibility of distortion of the right coronary when the 
autograft becomes distended after removal of the aortic cross clamp. In 
making the opening in the autograft for implantation of the right coronary, 
injury to the cormnissure between the right and noncoronary leaflets as well as 
injury to the leaflets must be avoided. Marking the site of the commissures of 
the right coronary leaflet on the external aspect of the pulmonary artery 
before completion of the graft-to-autograft anastomosis can be helpful. We 
always make this opening with the autograft distended so that the pulmonary 
valve is closed and the leaflets are not adjacent to the pulmonary artery wall. 
The coronary artery is then attached to the autograft in the usual fashion. 
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7 Patients with a dilated ascending aorta and significant discrepancy between the 
size ofthe ascending aorta and the pulmonary artery at the sinotubular junction are 
managed by performing a vertical aortoplasty to reduce the size of the ascending 
aorta to a more appropriate size. This is accomplished by excision of an appropriate 
ellipse of aorta and closure with a double suture line. We have not reinforced this 
suture line with an external strip of pericardium or synthetic material as some 
surgeons have suggested. As the pulmonary autograft is distensible, we have felt that 
by using external support on the aorta and derreasing its distensibility, this would 
increase the difference in distensibility of the aorta and pulmonary aorta and might 
plare undue stress on the pulmonary autograft. 
During completion of the anastomosis of the right coronary to the autograft, 
rewarming is initiated and after deairing, the cross clamp is removed. The operation 
is completed with insertion of a pulmonary homograft to reconstruct the right 
ventricular outflow tract. The pulmonary homograft inserted should be as large ah 
possible to reduce the likelihood of early development of homograft obstruction and 
the need for reoperation and replacement of the pulmonary homograft . 3  
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COMMENTS 
The surgical technique that we have described for 
reduction and fixation of the aortic annulus has been 
used in 21 patients as part of the Ross operation at our 
institution. The patient demographics are listed in 
Table 1. Ten of the patients required only a reduction 
annuloplasty, 10 also required replacement of their 
ascending aortic aneurysm, and 7 also required a 
reduction aortoplasty. There were no operative deaths 
and the only operative morbidity was the development 
of A-V dissociation requiring pacemaker insertion in 2 
patients. In one patient with a severely deformed 
unicusp valve, heart block was thought to be related to 
insertion of the annuloplasty sutures and in the other, 
debridement of severe calcification involving the mem- 
branous septum and the adjacent muscular septum was 
the most likely etiology of the heart block. The prereduc- 
tion aortic annulus size ranged from 26 to 55 mm with a 
median of 31 mm. Postreduction aortic annulus size was 
22 to 25 mm with a median of 24. 
The pre- and post-reduction aortic annulus size for 
each patient is shown in Figure I. The change of annulus 
size was 2 to 31 mm with a median reduction of 6.5 mm. 
Early echocardiographic assessment of the autograft 
TABLE 1. Patient Demographics 
~~~ ~ ~ ~ 
Group 2: 
Age: 
Valve pathology: Bicuspid-2 Tricuspid-3 
Aortic root: 
27 patients (26 male, 1 female) 
13 to 54 (median 29) 
Al-17 AS-2 Al + AS-8 
Dilation-7 Aneurysm-1 0 
valve showed excellent function with 27 patients having 
0 to trace autograft insufficiency by  color flow doppler. 
One patient with trace autograft valve insufficiency was 
involved in an automobile accident 6 months postopera- 
tive with significant trauma to his anterior chest wall 
and now has 2 +  autograft valve insufficiency after this 
injury. Significant left ventricular outflow obstruction 
has not been detected by continuous wave doppler with 
a maximum mean gradient of 20 mm Hg occurring in 
one patient. Actuarial analysis of freedom from reoper- 
ation on the autograft valve or the development of 2 +  
autograft valve insufficiency in this group of patients as 
compared to 235 patients that did not have a reduction 
annuloplasty are shown in Figure 11. A similar actuarial 
analysis of the patients with the primary preoperative 
diagnosis of aortic insufficiency is shown in Figure 111. 
Figure I. Intraoperative measured aortic annulus size and 
accomplished reduction of aortic annulus by double purse-string 
suture technique. 
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Figure 11. Actuarial freedom from autograft valve reoperation or 
the development of 2 + autograft valve insufficiency. The 27 patients 
having an aortic annulus reduction are compared to 235 patients 
having a Ross operation without an aortic annulus reduction annulo- 
plasty. 
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Figure 111. Actuarial freedom from autograft reoperation or 2+  
autograft valve insufficiency in patients with the primary preoperative 
diagnosis of aortic valve insufficiency. These results are contrasted 
with the results in the 27 patients with a reduction annuloplasty. 
340 RONALD C. ELKINS 
Before adoption of the presently described technique 
for reduction aortic annuloplasty and external fixation 
of the aortic annulus, we attempted to reduce the size of 
aortic annulus in a group of 15 patients. At the time of 
Ross operation, a root replacement was performed and 
the proximal interrupted suture line was tied over an 
external strip of woven dacron. We had theorized that 
the aortic annulus in an arrested and relaxed heart 
would tend to conform to the pulmonary valve annulus 
and appropriate reduction in the aortic annulus would 
occur. This technique was successful in some patients, 
but did not produce reliable reduction in the aortic 
annulus and early valve failure was noted in one 
patient. This technique is not recommended. 
The early results with aortic annulus reduction, with 
graft replacement of an ascending aortic aneurysm or 
reduction aortoplasty for dilatation of the ascending 
aorta when required, are very encouraging and suggest 
that usage of these modifications and additions to the 
Ross operation warrant its continued use in patients 
with aortic annular dilatation and aortopathy. 
A similar experience has been reported by David et 
a15 in 27 patients who required reduction of the aortic 
annulus and sinotubular dimension of the ascending 
aorta, 12 with reduction of only the aortic annulus, and 
10 with reduction of only the sinotubular dimension of 
the ascending aorta. In their patients if the aortic 
annulus was more than 2 mm greater than the assumed 
size of the pulmonary valve annulus, the aortic annulus 
was reduced. All patients with a bicuspid aortic valve 
and aortic. insufficiency required aortic annulus reduc- 
tion. Excellent results were achieved in this series with 
90% of the patients having 0 to trace autograft valve 
insuffiriency by Doppler echocardiography at their 
most recent study with the remaining having mild 
autograft valve insufficiency. Some of these patients 
have been followed up to 4 years without evidence of 
increasing autograft valve insufficiency. These authors 
feel that the Ross operation can be safely used in 
patients with a bicuspid aortic valve and ascending 
aortic dilatation but have not used the operation in 
patients with an ascending aortic aneurysm. 
The early results in the 11 patients reported by 
Durham' showed no more than trace or If  insuffi- 
ciency and no aortic stenosis. 
The possibility of significant genetic aortopathy in 
patients with ascending aortic dilatation or in patients 
with an ascending aortic aneurysm exists. Certainly 
patients with a bicuspid aortic valve have an increased 
risk of type A aortic dissection,13 but the transition 
from aortic dilatation to aneurysm formation is fre- 
quently difficult to determine and may only be a matter 
of semantics in these patients, ie, is a 4.5 cm ascending 
aorta described as dilatation or as an aneurysm. The 
possibility of a similar genetic abnormality in the 
pulmonary arteries of patients in the present series who 
required replacement of the ascending aorta or reduc- 
tion aortoplasty exists. This may lead to significant 
dilatation of the pulmonary autograft in these patients 
and require replacement of their autograft valve and 
pulmonary artery in the future. In our series of Ross 
operations, followed up to 10 years, we have only one 
patient with severe dilatation of the autograft root. This 
patient was originally operated for congenital aortic 
valve stenosis in a bicuspid aortic valve. Four years 
later he required a Ross operation for progressive 
aortic valve insufficiency and also had a dilated aortic 
annulus. This operation was early in our experience 
and an aortic annuloplasty was not done. He is now 10 
years postoperative with maintained autograft valve 
function with only 1 + autograft insufficiency. 
The use of the pulmonary artery and its contained 
valve as a root replacement has only been used for 
about 9 years and its long-term fate is unknown. In view 
of the demonstrated improved survival of children with 
a Ross operation as compared to other aortic valve 
substitutes and the more normal life style of young adult 
patients with a Ross operation as compared to a 
prosthetic aortic valve replacement, we have felt justi- 
fied in the continued use and development of this 
modification of the Ross operation. Careful long-term 
follow-up and cautious expansion of these techniques 
are indicated. The Ross operation is a demanding and 
difficult operation and the benefits to the patient are 
substantial. Its role in managing patients with aortic 
valve disease and significant pathology of the ascending 
aorta is still unproven, but the early results are very 
encouraging. 
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